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APPARATUS FOR OBJECT INFORMATION
DETECTION AND METHODS OF USING
SAME

RELATED APPLICATIONS

This application 1s a Continuation of U.S. patent applica-
tion Ser. No. 11/463,788, filed on Aug. 10, 2006, which

claims the benefit under 35 U.S.C. §119(e) of U.S. Provi-
sional Patent Application No. 60/707,339, filed Aug. 11,

2003, the disclosure of which 1s mncorporated herein by ret-
erence.

FIELD OF THE INVENTION

The present invention relates generally to detecting infor-
mation about objects. For example, an apparatus 1s provided

which, as one of i1ts functions, optionally detects position,
identification and/or orientation information pertaining to
objects located on the apparatus.

BACKGROUND OF THE

INVENTION

Numerous methods have been used to detect information
about objects, 1 particular about small objects placed on a
surface. The following 1s by no means a complete review of
the field, but rather describes a number of references that
illustrate the state of the art.

U.S. Pat. No. 6,690,156, the disclosure of which 1s incor-
porated herein by reference, describes a system for identify-
ing and determining the position of game pieces on a game
board. One of the methods described uses an excitation coil
surrounding the sensor to excite circuitry in the game pieces
at 1ts resonant frequency and a sensor on top of the board to
acquire signals that are generated by the game pieces 1n
response to the excitation. Based on the excitation and
response, the position and i1dentification of the game piece 1s
determined.

US Patent Application Publication No. 2004/0095333, the
disclosure of which 1s incorporated herein by reference,
describes a tablet with a structure of orthogonal conductors
immediately beneath the tablet surface but on top of a display
screen. The tablet also includes a coil surrounding the surface.
In operation, a stylus comprises a resonant circuit which 1s
excited by the surrounding coil. A signal generated 1n
response, by the stylus, 1s acquired by the conductors and 1s
detected. Based on the presence of signals in some of the
conductors, the presence and position of the stylus 1s deter-
mined. It 1s noted that while this reference deals mainly with
a stylus and a tablet, the use of the system to determine
information regarding game pieces (paragraph 116) 1s also
suggested.

US Patent Application Publication No. 2004/0155871, the
disclosure of which 1s incorporated herein by reference,
describes a variant on the system of the previously discussed
reference. In general, a dual purpose tablet 1s described uti-
lizing the same general tablet structure as the previous refer-
ence. However, 1n a series of embodiments, the structure can
be modified to also determine the presence of a finger on the
surface using the same sensor used for the stylus’ detection.
In the second of these embodiments (described 1n paragraphs
163-174 and FIGS. 2 and 3) a signal 1s fed 1into conductors that
lie 1n one direction. The finger introduces capacitive coupling
between the orthogonal lines so that a signal 1s detected in
those orthogonal lines that are adjacent or beneath the finger.
This detected signal 1s used to determine the presence and
position of the finger.
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It 1s noted that each of these references describes using
transparent conductors, such that the sensor can overlay an
imaging screen such as an LCD screen.

Each of these references includes an extensive review of
the prior art 1n the background section, which 1s not repeated
here. However, this review 1s incorporated by reference
together with the rest of these documents.

SUMMARY OF THE INVENTION

An aspect of some exemplary embodiments of the mnven-
tion relates to providing an apparatus and/or method for
detecting an object information code which 1s linked to infor-
mation regarding at least object located on the apparatus
based on capacitive coupling between elements of the appa-
ratus that1s caused or changed by presence of the object. In an
embodiment of the invention, the object 1s a passive object. In
some embodiments of the invention, the object information
code 1s the signal output from the apparatus as a result of the
capacitive coupling with the object when a signal 1s input to
the apparatus.

In some exemplary embodiments of the invention, the
apparatus comprises a planar board or tablet on which the
objects are situated.

In some exemplary embodiments of the invention, infor-
mation includes the position of the object.

In some exemplary embodiments of the invention, infor-
mation includes the identification of the object. Optionally,
the object information code 1s detected from a geometric
arrangement of tokens on the object. Optionally, the object
information code 1s detected using at least one conductive (or
more generally, capacitive) token (e.g., small regions of con-
ductive material associated with a detection surface of the
object) or a pattern of tokens located on the object having
varying conductivity and/or number and/or spatial arrange-
ment and/or varying conductive signature. In some exem-
plary embodiments of the invention, the object information
code 1s detected from a pattern of conductive material located
on the object having varyving conductivity. Optionally, the
object information code 1s detected using a pattern of tokens
located on the object having varying size and/or number
and/or varying distance between tokens. It should be under-
stood that 1n some embodiments of the invention, a particular
object 1s not restricted to tokens of a specific size and/or
number and/or distance between the tokens, as all of these are
variable on the object in order to provide a broad range of
identification possibilities for the object. In some exemplary
embodiments of the ivention, the object 1s transparent and
comprises transparent conductive tokens.

In some exemplary embodiments of the invention, infor-
mation includes the position of the object. This position 1s
optionally determined by identifying the strongest signal
detected by junctions in a sensor array (described below) and
then approximating distance from that junction. Optionally,
passive reception ol a signal on at least one neighboring
junction to the object is also used for determining the center of
the object. Optionally, the center 1s detected by weighting an
average of signal detections. Optionally, a look-up table 1s
used to correlate signal measurements at a plurality of junc-
tions 1n a sensor array to an approximate location of an object
center. Optionally, the center 1s calculated by a combination
of the methods. Optionally, the center i1s calculated by aver-
aging the results obtained from the described methods.

In some exemplary embodiments of the invention, infor-
mation includes the orientation of the object. The objects’
orientation and position are optionally detected continuously.
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Optionally the orientation 1s determined by detecting an or1-
entation of a pattern of tokens on the object.

In some exemplary embodiments of the ivention the
object mnformation code 1s a “security” code which can be
associated with a set of objects to be used with a particular
copy of software. For instance, all objects sold with the copy
of software will have a distinctive pattern, which 1s known by
the copy of software, thus, attempts to copy the software and
use 1t with other objects (e.g. objects which are not associated
to that specific copy of software) will not be successtul.

In some exemplary embodiments of the invention, one or
more objects contain circuitry that transmits a secure object
information code to the tablet. This can provide an additional
level of security, for example, 11 the software associated with
the objects will not run 1n the absence of the code. Optionally,
a USB security device can be used to enable/disable the
software.

Security can also be provided by an RFID tag that may
reside in or on the object. It this type of security 1s provided,
the system will require an RFID reader.

In some embodiments of the invention, the objects are hand
held objects. In other embodiments, the objects move autono-
mously on the surface and may be controlled by a controller
via a wired or wireless connection. For example, the objects
could be 1n the shape of a car and be motorized.

In some embodiments of the invention, movement of the
objects 1s controlled by a robotic device controlled by a host
or remotely via the internet.

In some embodiments of the invention, the objectis a body
part.

In some exemplary embodiments of the invention, the
apparatus can recognize the presence of a finger or hand even
when the finger or hand does not actually touch the surface.
This allows for a non-contacting finger to move a cursor and,
optionally, when the cursor 1s 1n a desired position, for finger
contact with the surface to be identified in the same way as a
mouse click. Optionally a double finger tap or a prolonged
duration of contact on the surface 1s identified as a right click
of a mouse. If the prolonged tap 1s used as a right click, then
a double tap could represent a double click.

In some exemplary embodiments of the invention, the
apparatus for information detection 1s comprised of a sensor
module situated at or immediately beneath the surface, a
controller section and/or a host section. Optionally, the sensor
module includes a sensor array, for example an array of elon-
gate transparent electrodes, adapted and constructed to detect
information regarding at least one object located on the sur-
face. Optionally, the controller section provides an interface
between the sensor section and the host section. Optionally,
the host section processes information gathered by the sensor
module and provides an output of processed information.

In some exemplary embodiments of the invention, the
apparatus displays images. Optionally, the images are dis-
played on a display screen situated below a surface on which
the object 1s placed and below the sensors that sense the
objects or fingers.

In some exemplary embodiments of the imnvention, the sur-
face functions as a game board and the object 1s a gaming
piece. Optionally, the object represents a player or object
taking part in the game.

In some exemplary embodiments of the invention, the
object 1s a stylus. In other embodiments the object can be a
game piece (such as a pawn from a chess game), a pointing
device (such as a mouse), a card a transparent {frame or vir-
tually any physical element that interacts with the sensor.

An aspect of some embodiments of the mvention 1s con-
cerned with an apparatus having a plurality of functions.
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Optionally one of the functions 1s to determine the position
and optionally the orientation and/or 1dentity and/or the shape
or contour of an object on a surface as described above. The
objects can be game pieces, a stylus, or other objects whose
position 1s to be determined Optionally one of the Tunctions 1s
to determine the position of one or more fingers or the contour
of a user’s palm or hand or other body part on the surface.
Optionally one of the functions 1s to enable the detection of
multi-touch on the surface. Optionally one of the functions of
the apparatus 1s to operate as a computer, with the surface
optionally operating as the display screen of the computer.
Optionally, the display functions as a tablet, with the object
being a stylus or other capacitive object.

An aspect of some exemplary embodiments of the mven-
tion relates to a method for distinguishing the presence of a
capacitive portion of an object (sometimes hereinalter a
“token”) from a finger. By using the differing electrical
responses of a sensor array to touch by an object or a body part
(such as a finger) respectively, analysis of these responses can
optionally provide 1dentification of the two.

There 1s thus provided 1n accordance with an exemplary
embodiment of the invention, a system for determining infor-
mation regarding at least one object, comprising: a sensor
sensitive to capacitive coupling; at least one object adapted to
create a capacitive coupling with the sensor when at least one
signal 1s input to the sensor; a detector adapted to measure at
least one output signal of said sensor associated with the at
least one object, wherein the output signal associated with the
at least one object 1s an object information code. Optionally,
the at least one object 1s provided with a pattern of conductive
areas containing the object information code. Optionally, the
pattern of conductive areas 1s comprised of conductive
tokens. Optionally, the pattern of conductive areas includes
conductive and non-conductive areas to provide a binary
object information code. Optionally, the pattern of conductive
areas 1s comprised of differently sized conductive areas such
that some areas cause a different capacitive coupling than
other areas. Optionally, the pattern of conductive areas 1s
comprised of conductive areas, of which at least a first con-
ductive area 1s located a first distance from a second conduc-
tive areca which 1s located a second distance from at least a
third conductive area. Optionally, the first and second dis-
tances are selected from a set of predefined different dis-
tances. Optionally, at least two of the conductive areas are
selectively 1n conductive connection with each other. Option-
ally, the pattern of conductive areas forms at least one of a
plurality of rows, a plurality of columns or a geometric shape.
Optionally, the information 1s at least one ol position, identity,
or orientation of the object on the sensor. Optionally, the
measurement of said at least one output signal 1s at least one
of voltage, amplitude, phase, frequency, or correlation.
Optionally, the sensor 1s comprised of two arrays of elec-
trodes, a first array comprising a first set of electrodes and a
second array comprising a second set of electrodes. Option-
ally, the first and second arrays are orthogonal.

In some exemplary embodiments of the invention, the sys-
tem further comprises a source of the input signal adapted to
input the at least one signal to the first set of electrodes; and,
wherein the mput signal 1s transierred to the second set of
clectrodes by the at least one object capacitively coupled to at
least one of the second set of electrodes.

In some embodiments of the invention, the at least one
object 1s one of a plurality of objects, each with a different
object information code.

Optionally, the at least one object 1s a game piece. Option-
ally, the at least one object 1s a pointing device.

Optionally, a pointing device 1s a stylus or mouse.
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Optionally, at least one object 1s a body part of a user.

In some embodiments of the invention, at least one object
comprises several surfaces, and wherein each surface com-
prises an information code. Optionally, at least one objectis a
gaming die.

In some embodiments of the invention, the system further
comprises a display having an image that can be changed
clectronically displayed thereon. Optionally, the display
underlies the sensor and wherein the sensor 1s substantially
transparent.

In some embodiments of the invention, the system is a
personal computer.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary non-limiting embodiments of the invention are
described 1n the following description, read with reference to
the figures attached hereto. In the figures, 1dentical and simi-
lar structures, elements or parts thereof that appear 1n more
than one figure are generally labeled with the same or similar
references in the figures in which they appear. Dimensions of
components and features shown in the figures are chosen
primarily for convenience and clarity of presentation and are
not necessarily to scale. Referring to the following;:

FIG. 1A 1s a perspective view of an air hockey game board
surface, 1n accordance with an exemplary embodiment of the
imnvention;

FIG. 1B 1s a view of how a game of tennis would appear to
the user, 1n accordance with an embodiment of the invention;

FIG. 1C 1s an exterior perspective representation of a game
board, 1n accordance with an exemplary embodiment of the
invention;

FIG. 2 1s a generalized block diagram depicting an appa-
ratus for detecting information, in accordance with an exem-
plary embodiment of the invention;

FIG. 3 15 a block diagram depicting data tlow 1n a sensor
and a controller, 1n accordance with an exemplary embodi-
ment of the invention:

FI1G. 4 1s a general schematic diagram of a sensor electron-
ics optionally implemented as an ASIC, 1n accordance with an
exemplary embodiment of the invention;

FIG. § 1s a configuration of tokens located on an object, in
accordance with an exemplary embodiment of the invention;

FIGS. 6 A-C show an object provided with at least one
switch for selectably changing the conductive pattern of the
object, 1n accordance with an exemplary embodiment of the
invention;

FIG. 6D shows an object provided with at least one switch
and at least one enlarged token for changing the conductive
pattern of the object, in accordance with an exemplary
embodiment of the invention;

FIG. 6E shows an object which changes 1ts conductive
pattern by physically moving at least one token, 1n accor-
dance with an exemplary embodiment of the invention;

FIG. 7A 1s an exemplary method for determining object
and/or finger contact, in accordance with an exemplary
embodiment of the invention;

FIG. 7B 1s a graphic representation of a signal output
indicating object and finger contact, in accordance with an
exemplary embodiment of the invention;

FI1G. 8 1s an exemplary look-up table method for finding the
center of a token, 1n accordance with an exemplary embodi-
ment of the invention;

FIG. 9 1s an exemplary geometric method for finding the
identification, orientation and/or position of an object, 1n
accordance with an exemplary embodiment of the invention;

10

15

20

25

30

35

40

45

50

55

60

65

6

FIGS. 10 and 11 illustrate two different exemplary geo-
metric structures of token patterns usable 1n embodiments of

the present invention;

FIG. 12 shows such a possible configuration in which two
objects are close enough so that there 1s ambiguity as to which
objects are present;

FIG. 13 1s a flow chart of a method for finding the 1denti-
fication, orientation and/or position of an object, utilizing
varied conductivity or capacitance of tokens, 1n accordance
with an exemplary embodiment of the invention;

FIG. 14 shows a simplified schematic layout of a system for
providing mode change over for a sensor array, 1n accordance
with an exemplary embodiment of the invention;

FIG. 15 shows a sequentially activated sensor array, in
accordance with an exemplary embodiment of the invention;

FIGS. 16 A-B show distance sensitive identification pat-
terns for an object, in accordance with an exemplary embodi-
ment of the invention; and

FIGS. 16C-D show binary sensitive identification patterns
for an object, 1n accordance with an exemplary embodiment
of the mvention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

FIG. 1A shows a perspective view of an exemplary appa-
ratus 100 for collecting imnformation regarding at least one
object, an air hockey game board, in accordance with an
exemplary embodiment of the invention. The illustrated game
board 1s purely exemplary and 1ts external structure and fea-
tures may vary irom the board shown, for example as shown
with respect to FIGS. 1B and 1C. In a conventional air hockey
arrangement, apparatus 100 for collecting information 1s pro-
vided with a plurality of objects including two goals, 102, 104
one at either end of the game board. Naturally, the object of
the game1s to score by getting another object, a puck 106, into
the opponent’s goal 102 or 104 more often than your oppo-
nent up to some predetermined score. Puck 106 1s typically hat
using other objects, paddles 108, 110, which are held in at
least one hand by the players.

In an embodiment of the invention, a representation of the
physical game board 1s shown on a display, optionally along
with the real-time information collected by apparatus 100 and
related to puck 106, paddles 108, 110, and optionally goals
102, 104 (which do not actually move 1n this game). Option-
ally, the game board and/or objects used 1n the game, such as
puck 106, are projected on a display located under a sensor
array (such as described below). Real-time information
related to these objects includes at least one of position,
velocity, orientation, identity and/or acceleration. In an
embodiment of the invention, apparatus 100 detects at least
some information related to an object continuously. In some
embodiments of the invention, apparatus 100 detects output
object information codes related to the objects which are the
result of an mput signal applied to a sensor array (described
below and assigned reference number 203) above or beneath
the game board. In an embodiment of the invention, the object
information codes correspond to information related to the
objects, for example position, orientation, and/or i1dentity.

FIG. 1B shows a representation 150 of a tennis game 1n
accordance with an embodiment of the invention. As in the
real world, the game includes a tennis court 152, including a
net 154, a ball 156 and two players 158 and 160. In the
disclosed embodiment, all of the components of the game are
on the screen, except for the two players 158 and 160. As
described 1n more detail below, the apparatus for collecting
information 100 1s optionally capable of not only 1dentifying
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the game pieces and determiming their position, but also of
determining the orientation of the piece. Since the position
and orientation can be determined within a very short time
(e.g. 1n a fraction of a millisecond or less) this allows for
substantially continuous determination of these parameters.
In an embodiment of the imnvention, apparatus 100 provides a
very high resolution at least 1n position and orientation of the
object, therefore hence even a small change of the object’s
position and/or orientation, only few mm in some embodi-
ments of the ivention, 1s detected (sensed) by sensor array
203.

In operation, 1n playing the 1llustrated tennis game, each
player moves and rotates his or her game piece in order to
place the racket at the ball and also to rotate the game piece so
that the ball 1s “hit” by the racket. The ball 1s moved, on the
screen, responsive to a determination by a computer host that
the ball was hit and when and how it was hit.

This embodiment 1s provided for 1llustrative purposes to
demonstrate how continuous determination of the position
and orientation could be used 1n a game and to 1llustrate, at
least 1n part, the additional dimension that would be available
to a game designer.

It should be noted that while games have been shown, other
uses for such a system will immediately occur, such as for use
in command and control systems, education, stmulation and
training. The size, external structure, response time and reso-
lution of the board may vary, dependent on the use for which
it 1s intended.

FIG. 1C shows an exemplary apparatus for collecting
information 180, illustrated in the form of a game board, 1n
accordance with an exemplary embodiment of the invention.
The illustrated game board 1s purely exemplary and 1ts exter-
nal structure and features may vary from the board shown.

The 1llustrated game 1s a chess game with a plurality of
game pieces 182 (sometimes referred interchangeably as
“objects”) and a game playing surface 184 on which the
objects 182 are placed. In an embodiment of the invention the
game pieces can be identified by sensing apparatus (not
shown but 1llustrated with respect to a sensor section 202,
below) situated at least partly on or beneath surface 184.

In some embodiments of the invention, surface 184 1s the
surface of, or overlays, a display screen such that the game
board layout can be easily changed by software. In addition,
provision of such a variable display screen allows for the
display of one or more timers 186 and even the picture 188 or
other 1dentification of the person whose move 1t 1s. The board
can also provide an indication of an 1llegal move, for example,
by flashing the square on which an illegally moved object 182
1s placed or can indicate a suggested move, for example, by
lighting up a starting and ending square. It 1s also possible to
play “against the machine” with the board indicating the place
to which game pieces are to be moved.

Optionally, two separate game boards can be connected. In
an embodiment of the invention, one of the computers acts as
a master and the other as a slave, or both are connected to a
common host, although this 1s not compulsory. This type of
connection could be used, for example, to allow for the play-
ing of games 1n which the players do not see each others game
boards, such as for example, a form of “naval battles.” The
connection could be wired via a USB or RS 232 connection or
the like or can be wireless (Bluetooth or an IR connection, for
example) or via the internet.

Methods for connecting two tablets to a common host and
in a master/slave configuration are shown, for example 1n a
U.S. patent application filed Jul. 14, 2005 entitled “Automatic
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Switching for a Dual Mode Digitizer by applicants Haim
Perski and Or1 Rimon, the disclosure of which 1s incorporated
herein by reference.

Furthermore, the game boards do not have to be rectangu-
lar, although this i1s often a convenient shape. Optionally, 1n
some embodiments of the invention, the game board may be
curved. Optionally, the game surface can be made flexible to
allow for a three dimensional appearance to the games (for
example 1n a racing game).

FIG. 2 shows a block diagram 200 of hardware sections
which comprise apparatus for detecting information 100, in
accordance with an exemplary embodiment of the invention.
Sensor section 202 1s provided to an apparatus for detecting,
information 100, in some exemplary embodiments of the
invention, which includes a sensor array 203 (shown in FIG.
3) and 1s adapted and constructed to detect information
regarding at least one object 102 located thereon. An exem-
plary sensor section 202 1s described 1n more detail below.

Apparatus for detecting information 100 1s also provided
with an optional host section 206, 1n some exemplary
embodiments of the mvention. Host section 206 optionally
processes information gathered by the sensor section and
provides an output of processed information, for example to
the surface 104 and/or to soitware configurable elements such
as those referenced by reference numbers 106 and 108 1n FI1G.
1A. Optionally, host section 206 displays images, optionally
on (generally underneath) surface 104.

Optionally, host section comprises a separate display, such
as a liquid crystal display (LCD). Optionally, audio 1s pro-
vided to accompany the play.

In some exemplary embodiments of the mvention, host
section 206 functions as a PC. Optionally, host section 206
functions as a tablet PC.

Sensor section 202 and/or host section 206 are optionally
in operative communication with a controller section 204, an
exemplary embodiment of which 1s described in further detail
below. Controller section 204 optionally provides an inter-
face between sensor section 202 and host section 206.

FIG. 3 depicts a schematic 300 depicting data flow between
the various elements of sensor section 202 and controller
section 204 and to/from host section 206, 1n accordance with
an exemplary embodiment of the invention.

As an overview of the operation of schematic 300 an
object, such as object 102 or a finger or hand of a user, 1s
placed on sensor array 203. As shown, sensor section 203
comprises a series of activated electrodes 302 (a first array of
clectrodes) and passive electrodes 304 (a second array of
clectrodes). Switching apparatus 306 applies an AC signal,
optionally a pulsed AC signal, to at least one of activated
clectrodes 302. Signals 1n the range from 10 to several 10 s of
kHz are considered to be suitable for the present mvention,
although higher and lower frequencies may be used. A signal
1s transierred, by capacitive coupling, to each of passive elec-
trodes 304. It should be understood that in some embodiments
ol the invention, even when no object 1s placed on the sensor,
a signal 1s transierred to passive electrodes due to parasitic
capacitance at the junctions—the “steady state vector”. Pas-
stve electrodes 304 are each connected to sensor electronics
310, optionally 1n the form of an ASIC and optionally com-
prising a series of sensor lines 311. Each sensor (pipeline) line
311 optionally includes an amplifier 312 with a high mput
impedance, a filter 314 which filters out signals that are not
near the frequency of the AC signal, and a sample and hold
circuit 316 which periodically samples the filtered signals and
transiers them to an Analog to Digital converter 318 to con-
vert the sampled voltages into digital form. Thus sensor line
311 converts AC signals present on a passive electrode with
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which it 1s associated 1nto a digital signal that represents the
signal coupled to that electrode from the particular activated
clectrode that 1s activated. These signals are later analyzed by
the controller which sends further mnformation (characteris-
tics of the signals, such as magnitude of the recerved signals,
calculated DFT, phase etc.) to the host computing device
which determines the position/orientation/ identification etc.,
as described below.

Electronic circuitry 320 optionally recerves the digital val-
ues from A/Ds 318 and processes then for transier to a host via
a connection bus such as an RS232, RS-422, RS-423 or USB
connection, or any data transier bus known in the art. Elec-
tronic circuitry 320 also receives commands from the host via
connection 330. Digital Fourier Transformation (DET) 1s
optionally performed on the digitized signal by DSP 324 to
calculate the magnitude and phase of the coupled signal at a
specific frequency namely the frequency of the signal mput-
ted on the activated electrode.

Optionally, DSP 324 receives routing commands (e.g.,
which activated electrodes should be activated and when) and
based on these commands generates serial routing commands
to switch AC sources (e.g., the output of amplifier 325 via an
analog/digital converter 326) to a desired activated electrode
or electrodes. CPLD 322 optionally provides sampling com-
mands to umt 310 to activate the sample and hold circuits and
the A/D.

Electronic circuitry which can be in the form of an ASIC or
separate components or which can be combined with sensor
clectronics 310 1n a single ASIC, optionally includes Com-
plex Programmable Logic (CPLD) 322, to convert the signal
from electrodes 304 from serial representation 1nto parallel
representation (1n short, the CPLD 1s a ‘Serial to Parallel’
converter) which 1s passed to a Digital Signal Processor 324,
such as a TMS320V(C3402, which optionally 1dentifies and/
or determines the position and/or the orientation (or any other
relevant information) of an object, for example paddles 108,
110 placed on a surface of apparatus 100. The methodology
used for these tasks 1s described herein.

In an exemplary embodiment of the mvention, electrodes
302 and 304 are substantially transparent such that sensor
array 203 1s transparent. In an embodiment of the invention,
as indicated above, sensor array 203 1s overlaid on a display
such as an LCD display. This display can be configured to
show the game board (or any other background that 1s appro-
priate to the task being performed by apparatus 100) as well as
variable information responsive to movement of the objects
102 or to commands from a host (not shown).

It 1s noted that the structure of the tablet (except for the
absence ol an excitation coil) can be generally the same as
that described in US 2004/0095333, the disclosure of which 1s
incorporated herein by reference, and that the electronics
described in this reference can be similar to that utilized 1n the
exemplary embodiment of the present invention. In an
embodiment of the invention, an excitation coil 1s used with
apparatus 100 along with electromagnetic objects, which are
optionally excited by the excitation coil. However, 1t 1s noted
that there 1s no switching of inputs in the device shown 1n US
2004/0095333 and that thus switching apparatus 306 1s not
present. In addition, while 1n US 2004/0093333 the differen-
tial amplifiers have mputs from different electrodes into their
two inputs, 1n the device shown 1n FIG. 3 only one of the
inputs of the differential amplifiers 1s used, being connected
to a single one of the passive electrodes 304. The other input
1s connected to a reference voltage. It 1s also noted that 1n
some embodiments of the invention, the overall display size 1s
larger than that of a tablet. Optionally, a plurality of displays
are tiled together.
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It should be understood that the electronics described
above (and 1n the incorporated references) and the division of
tasks between the various circuitry and between the circuitry
and the host1s exemplary only and 1s not meant to be limiting.
Other ways of dividing the tasks and other circuitry will occur
to persons of the art. Thus, it may be more advantageous to
have more computation performed in the DSP to reduce the
data flow between the computer and the host. It may also be
usetul for the scanning to be completely controlled by the
clectronics shown in FIG. 3, rather than recerving commands
from the host. Other changes will occur to persons of skill in
the art.

The mventors have found that a small conductive element
(token) such as those described below, when placed on an
clectrode crossing causes the coupled signal to 1ncrease by
about 10%, apparently by increasing the capacitive coupling
between activated and passive electrodes. The presence of a
finger, on the other hand, decreases the coupled signal by
20-30%. As described 1n more detail below, with respect to
FIGS. 7A and 7B, this difference 1s measured and processed
to produce an 1ndication of the presence of a token or finger at
the electrode crossing, in accordance with an embodiment of
the mvention.

In some embodiments of the invention, the activated elec-
trodes are activated serially, for example by switching a signal
from an amplifier 325 1nto particular lines based on a serial
routing command which controls the switches 1n apparatus
306, as described above.

In order to speed up report rate, such as shown 1n FIG. 15,
the active electrodes 302 are divided into a number of groups
1502, 1504, 1506 wherein the active electrodes (such as 1510,
1512) 1n each group are activated sequentially but the groups
work simultaneously. This can be accomplished only by
using a handful of non-mutually interfering (orthogonal) fre-
quencies which are used to activate electrodes 302. For
example, at a sampling rate of 200 kHz, exemplary frequen-
cies 01 20kHz, 30 kHz, and 40 kHz are used. In some embodi-
ments of the invention, this handful of frequencies are
assigned one to each group. It should be understood, however,
that these frequencies change depending on the sampling rate,
and that they are not limited to 3 frequencies, as 20 kHz, 30
kHz and 40 kHz are by way of example only.

Alternatively, a source 1s connected to each of the activated
clectrodes 302 and each source supplies a signal at a different
frequency to different electrodes. With somewhat more com-
plex sensor electronics 1t would then be possible to determine
the position much faster without any signal scanning. Fur-
thermore, the system could be made much more sensitive to
movements ol objects, since soitware algorithms running on
DSP 324 could compare signals before and aiter movement.
Referring to FI1G. 4, an application-specific integrated circuit
(“ASIC”) 400 schematic (corresponding generally to sensor
clectronics 310 of FIG. 3) 1s shown. Essentially, an ASIC 1s a
microchip designed for a particular application. Each passive
clectrode 304 1s optionally connected to an input of a differ-
ential amplifier 402. The other input of the differential ampli-
fier 1s optionally connected to a DC reference voltage, to
avoid signals on neighboring or remote lines generated by the
same or other tokens canceling each other. The differential
sensor signal 1s amplified and forwarded to a switch 404, 1n
accordance with an exemplary embodiment of the invention.
Optionally, switch 404 selects one or more (a sub set) of a
plurality of imnputs to be processed further.

In an exemplary example where only a single element 1s 1n
use (such as a stylus of pointer) then only inputs correspond-
ing to mputs near the previous position of the element are
sampled. In applications where multiple objects are 1n use,
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and where objects are placed on and removed from the sur-
face, then the entire surface 1s scanned.

In an exemplary embodiment of the invention, the selected
signal 1s amplified and/or filtered by the filter and amplifier
406. The resultant signal 1s then sampled by an analog to
digital converter 408, 1in accordance with an exemplary

embodiment of the mvention. The signal 1s then sent to
CPLD/DSP 322/324 located 1n electromics 320 (FIG. 3),
optionally via a serial buffer 410, 1n an exemplary embodi-
ment of the imnvention.

In some exemplary embodiments of the mvention, each
ASIC 300 contains two 1dentical channels. Optionally, each
ASIC 300 channel 1s comprised of four (4) differential inputs
to allow sampling as close as possible to the passive elec-
trodes. It should be noted that while these electrodes (as well
as the activated electrodes) ideally should have a low imped-
ance to reduce noise and pick-up 1n an actual situation, the
clectrodes may have relatively high impedance such as sev-
eral hundred thousand ohms or more. This may be desirable 1n
order to increase the transparency of array 203. However,
under other circumstances, 1n which a lower impedance 1s
possible, a single ASIC which handles all of the passive
clectrodes may be used. Alternatively, separate amplifiers,
filters and A/D may be provided for each line.

In some exemplary embodiments of the mvention, ASIC
300 1s provided with a shutdown capability, which switches
ASIC 300 off. Optionally, CPLD/DSP 322/324 shuts down
ASIC 300 or puts 1t 1nto a hibernate mode whenever 1t 1s not
needed, m order to reduce energy consumption. In some
embodiments of the invention, ASIC 300 1s periodically and/
or temporarily activated by CPLD/DSP 322/324 to sample
sensor array 203 for activity FIG. 5 shows a pre-determined
configuration of tokens 502, 504, 508 and 510 located on the
bottom of an object 500, in accordance with an exemplary
embodiment of the invention. Patterns or configuration such
as these and those shown 1n FIGS. 6 A-F, 10-12, and 16A-D
can be used to i1dentity an object information code and/or
determine the orientation of the object containing the tokens.

It should be noted that in the object shown in FIG. S, the
tokens are not necessarily all the same 1n all embodiments.
For example, at least one token 502 has a modified capaci-
tance (described below) pattern. In general, the configuration
ol tokens 1s placed at or generally beneath a detection surface
of an object. In an exemplary embodiment of the ivention,
some tokens, such as tokens 504, 508 and 510 of FIG. 5, are
100% coated with a conductive material, such as copper.

In principle, it 1s believed that a token with more area
covered by conductive material will create greater capaci-
tance on the junction touched by the detection surface of the
object, thus 1ts coupling effect will be greater than a token
with less conductivity. However, in other exemplary embodi-
ments of the mvention, tokens have a smaller percentage of
coverage ol conducting material, moditying their capacitive
coupling. The token patterns themselves are optionally vari-
able. Ditlerent levels of COIldUCthlty (and hence of capacitive
coupling) can be achieved by using different conductive
maternals. Optionally, the distance from the conductive mate-
rial to the sensor array 203 1s adjustable for different tokens by
placing a dielectric layer between the conductive material and
the outer surface of the object. This variation results 1n varied
amounts of capacitive coupling as well. In some exemplary
embodiments of the invention, the diameter of atoken 1s equal
to twice the distance between two close edges of consecutive
clectrodes plus the width of an electrode. Optionally, the
diameter 1s larger or smaller than the above, depending on the
needs of the application. Using a token at least this large
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assures that the token covers a plurality of junctions, which
makes determination of the center of the token more accurate.

In some embodiments of the invention, the conductive
signature of an object 1s selectively changeable, for example
to change 1ts object information code (1dentity). FIG. 6A
shows a physical object 600 provided with a pattern of tokens
602, 604, 606 on the bottom of object 600. It can be seen 1n
this embodiment that the pattern has a generally triangular
“footprint” or form and that tokens 604 and 606 are each
selectively connected to token 602 by a connection switch. In
an embodiment of the invention, connection switch material
1s conductive so that when the switch 1s closed, a connection
1s made between the tokens on either side of the switch
changing the pattern configuration and which 1n turn alters
the sensor array 203 detectable signature. In an embodiment
oi the invention, the diameter of each token 1s smaller than the
distance between two electrodes on sensor array 203. It
should be understood that the arrangement shown in FIG. 6 A
1s by way of example only, and does not indicate any required
scale or shape. Furthermore, 1n the embodiments depicted 1n
FIGS. 6 A and 6D, the conductive signature of the objects 1s
changed by flipping a switch, 1t should be understood that
some objects are provided with the ability to physically
change dimensions, causing at least one token 652 to physi-
cally move 6356 in relation to at least one other token 6354 of
the pattern, and subsequently changing the identity of the
object 650, as shown in FIG. 6E.

FIG. 6B shows a footprint of object 600 posmoned on
sensor array 203 where the switches are turned off, 1n accor-
dance with an exemplary embodiment of the invention. In an
embodiment of the invention, a signal 1s applied to activate an
clectrode 608. A signal 1s transierred, by capacitive coupling
due to the presence of tokens 602 and 604 at two junctions on
clectrode 608, to passive electrodes 614 and 616. In a similar
manner, when a signal 1s applied to activate electrode 610, a
signal 1s detected on a passive electrode 612. Optionally,
clectrodes 608, 610 (or groups of electrodes, as described
above) are activated seriatim.

Referring to FIG. 6C, footprint of object 600 1s shown
positioned on sensor array 203 where the switches are turned
on, in accordance with an exemplary embodiment of the
invention. In an embodiment of the invention, turning the
switches on creates a conductive connection between tokens
602, 604 and 606. As a signal 1s applied to activate electrode
608, a signal 1s transferred, by capacitive coupling due to the
presence of tokens 602 and 604 at the junctions, to passive
clectrodes 614 and 616, enabling an output signal to be
detected at those electrodes. Since tokens 602 and 606 are 1n
conductive connectivity, the signal 1s also transterred to token
606. In an embodiment of the invention, this enables a signal
to pass to passive electrode 612, which 1s also detected. Cor-
respondingly, when a signal 1s applied to activate electrode
610, an output signal 1s detected on passive electrodes 612,
614, and 616 since all three tokens are 1n conductive connec-
tion. In a sense then, the 1dentification of object 600 has been
changed by turning the switched from off to on, since the
application of signals to the mput of sensor array 203 pro-
duces two different outputs based on the on/off configura-
tions. In some embodiments of the invention, two switches
are used for an object, instead of one 1n order to avoid ambi-
guity. An ambiguity can arise 1n a situation where only one
switch 1s used and the two tokens which are connected by the
switch are placed on the same passive electrode, preventing
the system from differentiating between the on and off con-
figurations.

In an exemplary embodiment of the mvention, token of
different sizes are used instead of two switches 1n order to
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resolve the above described ambiguity. Such an embodiment
1s shown 1n FIG. 6D, wherein an enlarged token 632 1s pro-
vided to an object 630. The operation of object 630 with
respect to sensor array 203 1s substantially similar to the
operation described with respect to object 600, however 1t
should be understood that the enlarged nature of token 632
exhibits a different capacitive signature on sensor array 203
than token 602 or the other two tokens 634, 636 onobject 630.
For example, 1n an embodiment of the mvention, enlarged
token 632 1s s1zed to touch at least one more electrode than the
other tokens.

The different on and off configurations of the switch, which
can be referred as the different conductive states of the object
can be deduced from the signals detected at the passive elec-
trodes, as shown 1n FIGS. 6B-C. In an embodiment of the
invention, when the object 1s a game piece, the different
conductive states of the object can indicate different ‘modes’
of the game piece. For example, different players (one mode
can represent a king and the other queen), different status (a
“dead” or “living” player), different colors of player, and the
like. Optionally, the conductive state change can imvoke an
action that the object performs, for example shooting, hitting,
etc. In some embodiments of the invention, the tokens are
s1zed so that the diameter of the tokens assures that the token
covers at least one junction. Optionally, each token covers
more than one junction. It should be understood that the
shape, size, conductive material, and/or geometric pattern
created by the tokens 1s variable to indicate a variety of
identities to the object on which the tokens are located.

It should be noted that while an object’s position and to
some extent i1ts 1dentification can be determined by locating
one token thereon, a plurality of tokens are optionally used, as
shown 1n the example depicted i FIG. 5, for example to
increase the number of possible separately identifiable
objects and/or to allow for optional determination of orienta-
tion of the object. An object 1s optionally represented (and
identified) by a unique combination and number of tokens and
optionally, the varied conductivity of (or capacitive coupling
induced by) one or more of them. This enables discernment
between specific objects and also allows for determination of
orientation as well as location.

For example the position of the object 500 in FIG. 5 can be
defined as the intersection of connecting lines drawn across
the diagonals between the centers of the tokens located at the
corners of the object. Its orientation can optionally be deter-
mined according to the different capacitive coupling of the
token located thereon and this can be determined upon con-
ducting an analysis of a delta value of the tokens located on
the object. The delta value of a token or finger 1s a difference
(amplitude and phase) between a signal detected on the
respective passive line in the presence of the token or finger
and a steady state signal present when no token 1s present.

A number of exemplary methods are provided for using the
apparatus 100 described above. In some exemplary embodi-
ments of the invention, methods are used to calculate whether
a finger or an object 1s located on apparatus 100. In some
exemplary embodiments of the invention, methods are used
to determine the center of a token. In some exemplary
embodiments of the invention, methods are used to 1dentily
position, identification and/or orientation of an object located
on apparatus 100. The area and magnitude of capacitive cou-
pling can also be used to perform different functions such as
‘scroll up’, ‘scroll down’, and/or ‘cursor’ etc. Referring to
FIG. 7A, a method for differentiating between object and/or
finger contact and/or finger hovering 1s shown, in accordance
with an exemplary embodiment of the invention. As
described with respect to FIG. 3, when a conductive material,
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such as a token, 1s at a junction between an active electrode
(v-axis) and a passive electrode (x-axis), then the voltage on
the passive electrode will be larger than a voltage on 1t when
there 1s no token at the junction. This stronger signal means a
greater signal magnitude which 1s calculated using a discrete
Fourier Transform (“DF'1”"), or other means such as an FFT,
in accordance with an exemplary embodiment of the mnven-
tion. A DFT or FFT 1s used since 1t conveniently acts to not
only provide the amplitude and phase of the signal, but also to
differentiate the signal from noise or signals at other frequen-
cies. When the activated electrodes are activated by signals of
different frequencies, then the FFT or DFT 1s a convenient
way of determining all of the delta values for lines crossing
the passive line being sampled.

As shown m FIG. 7B, a human finger 710 causes the
opposite elfect (1.e., signal reduction) of a conductive token
712, possibly because a human 1s can be modeled as a
grounded added capacitance when touching the sensor array,
whereas a token can be modeled as a floating added capaci-
tance. This enables the system to easily differentiate between
a token and a finger, 1n an embodiment of the invention. In
addition, the strength of the signal for a finger allows differ-
entiation between a finger touching the surface and one hov-
ering above the surface, since both touching and hovering
produce signals that are large enough to be reliably detected.

Method 700 for discerning between conductive object and/
or finger contact commences with learning (702) a steady
state vector and optionally various delta vectors between the
various inputs and outputs of sensor array 203. In general,
with no tokens or other elements on sensor array 203, the
activated electrodes 302 are energized seriatim, and a steady
state vector for a particular electrode 302 1s calculated. The
steady state vector comprises, as 1ts elements, a steady state
value (amplitude and phase) of the voltages induced for each
ol the passive electrodes, when the activated electrodes 302
are energized and no object 1s placed on or over the sensor.
Optionally, other characteristics of the detected signal are
used to calculate the steady state value. This process 1s gen-
erally performed 1n the factory, although 1t could also be
performed regularly 1n the field.

Optionally, 1n a sensor array 203 where the behavior of
junctions 1s homogenous, learning the steady state vector of
only one junction might be needed. However, 1n some exem-
plary embodiments of the mvention, each junction 1s mea-
sured because of the heterogeneous behavior of the junctions
caused by different gains of amplifiers, different capacitance
between transmitters and receivers, and other effects. The
matrix containing the steady state values 1s optionally stored
for comparison with measured signals.

Characteristic delta values are determined for various
tokens of different “strengths.” In general, a conducting line
parallel to the activated electrodes 1s placed over a column of
junctions. The outputs of the passive electrodes are then sub-
tracted from the steady state vector for that activated electrode
to provide a characteristic delta vector of that particular con-
ductor. Optionally, this conducting line 1s then moved to the
next activated electrode to produce the next delta vector of
that particular conductor and that particular electrode 302.

Delta vectors may also be determined for various capaci-
tive coupling levels, to improve the ability of the system to
discern differences between them. Since different capacitive
tokens cause different amounts of coupling, they can be dii-
terentiated by providing multiple thresholds for the coupled
delta signals to allow for 1identification of the capacitive cou-
pling. It 1s not believed necessary to provide an array of
different characteristic delta values for fingers; a single char-
acteristic delta value 1s believed to be suflicient. In some
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embodiments of the invention, a second threshold 1s estab-
lished for detecting a body part which 1s hovering over sensor
array 203, but not actually touching it.

At least one object and/or finger 1s placed on the sensor
array 203 while apparatus 100 1s 1n use for determining object
information, 1n an exemplary embodiment of the invention. A
delta value 1s calculated (704) for each junction in order to
discern between object and/or finger contact or hovering. In
an exemplary embodiment of the invention, scanning to
determine the presence of an object and/or a finger located on
or near (hover) sensor array 203 is performed in the same
method described during the learming (702). In an exemplary
embodiment of the invention, delta current DFT results are
generated based on the measured signal from each junction
respectively and a delta vector 1s calculated by subtracting the
steady state DEFT results from the current delta DFT results.
Optionally, the delta vectors are stored and compared with the
characteristic delta values determined in the learning phase to
identify what 1s causing the coupling.

In an exemplary embodiment of the imnvention, noise reduc-
tion or elimination 1s performed (706) on signals generated
during the polling of the junctions, as described above, during
actual operation (see 708). Optionally, noise reduction or
climination 1s also performed during learning (702). Option-
ally, noise 1s reduced (in addition to the filters shown 1n FIGS.
3 and 4) by routing a signal to the transmitters which 1s of a
pre-determined, specific frequency and performing DFT at
said specific frequency on the sampled signal thereby elimi-
nating noise signals at irrelevant frequencies. Optionally,
noise reduction 1s performed (706) by determining the phase
of a vector. For example, despite their great influence on the
magnitude of the steady state signal, the influence of both
fingers and conductive materials on 1ts phase 1s minor. Thus 1f
a conductive material touches a junction its corresponding
delta vector phase in the delta matrix will be close to the
steady state vector phase. However, 1f a finger touches a
junction 1ts corresponding delta vector phase in the delta
matrix will be close to 180 degrees from the steady state
vector phase, since 180 degrees represents a decrease 1n the
magnitude of the signal. Noise reduction can optionally be
performed by eliminating any measured delta value with a
phase outside of those two approximately known phase
regions 1.e. any delta value with a phase not close to 180
degrees from the steady state vector phase or not close to the
steady state vector phase, for example 10 degrees or £20
degrees. Optionally, noise reduction i1s performed (706) by
increasing the time the activated electrodes 302 are energized,
which improves SNR (Signal to Noise Rati1o). Optionally, the
passive electrode 304 1s sampled several times and an average
value of the measurement 1s calculated.

During actual operation of the system, recognition (708) of
a finger and/or a conductive object, such as a token, 1s per-
formed by analyzing delta values, 1n accordance with an
exemplary embodiment of the ivention. According to an
exemplary embodiment of the invention, a junction can be
determined to have been touched by a finger 11 1ts correspond-
ing delta value (optionally after noise reduction) has a mag-
nitude over a certain threshold and its phase 1s approximately
180 degrees from the previously measured steady state value.
IT 1ts phase 1s approximately 180 degrees and 1ts value 1s
below that threshold but above a second threshold, then the
situation 1s 1dentified as hovering. In contrast, a conductive
object (token) provides a different measured etlfect, and thus
a junction can be classified as having been touched by a
conductive object 1f the delta value has a magnitude sufili-
ciently over that of the steady state and 1ts phase that 1s similar
to the steady state phase. The different tokens can be 1denti-
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fied by utilizing a delta matrix defined for different
“strengths™ as described above.

An exemplary approximation method for finding the center
ol a token 1s now described, 1n accordance with an exemplary
embodiment of the invention. In an exemplary embodiment
of the invention, the closer the center of a token 1s to a
junction, the greater the measured delta vector of the junction
will be. By using this knowledge, measurement of delta vec-
tors of various junctions allows for an approximation of the
token’s center location.

Measurements are made when an activated electrode 1s
actually energized and a delta vector 1s calculated according
to methods described herein. This delta value contains the
deltas of the responses of all of the passive electrodes to this
energizing. In general a map of the delta values (a matrix of
values defimng the coupling between each input and each
output) 1s determined.

A determination 1s made of which junctions contain a
token. Delta values for neighboring junctions are compared,
to determine which measured junction has the higher delta
value. This higher value 1s used to determine the center of the
token. The junction with the higher delta vector sets the x and
y coordinates of the center of the token. Optionally, an error
correction 1s made to correct for the fact that the token may
not be directly on the junction. By adding or subtracting d/4
from these (x,y) coordinates at each axis, depending on which
1s the direction of the crossing with the next higher delta
value, the maximum possible error 1s reduced. This 1s not a
strict requirement. “d” 1s the distance between electrodes’
center, which can vary depending on the resolution required
in a particular embodiment. In an exemplary embodiment the
spacing 15 4 mm from center to center. In an exemplary
embodiment the width of each electrode 1s 1 mm.

In an exemplary embodiment of the invention, errors 1n the
calculation of each coordinate are bounded by d/4 and the
total calculation error is bounded by d/v8.

A weighting method for finding the center of a token, 1n
accordance with an exemplary embodiment of the invention,
1s now described. Instead of 1dentifying the closest junction to
the token’s center, choosing that junction as the center and
then correcting slightly for error, this method uses a measure-
ment of more than one junction in order to determine the
center of a token, 1n an exemplary embodiment of the mven-
tion. The junctions are measured for their delta values (as 1n
the previously described method) in order to determine a
starting point for pinpointing the location of the center of the
token, in some exemplary embodiments of the invention. This
will generally result 1n a delta matrix of values. A junction
identified as having the highest delta values as compared to
surrounding junctions 1s chosen to be the reference location
(x,y) 1n the formulas below. The delta value of at least one
neighboring junction, generally the junction with the next
highest delta value, 1n each direction 1s utilized to determine
the coordinates of the center of the token.

In general, the two highest delta values 1n each axis are
used and the center 1s computed to be the junction with the
higher value corrected by movement to the junction with the
next higher value equal to the distance between the junctions
multiplied by the ratio between the delta values. Optionally,
the ratio 1s a function of the delta values at the junctions.
Optionally, the ratio 1s calculated by dividing the delta value
of the next higher value and the sum of the delta values.
Alternatively, more complex schemes can be used utilizing
more neighbors and/or different formulas.

Referring to FIG. 8, an exemplary look-up table method
800 for finding the center of a token 1s shown, 1n accordance
with an alternative exemplary embodiment of the invention.
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In some exemplary embodiments of the invention, the center
of a token can be determined by measuring and considering
(802) the delta values of junctions 1n proximity to the token.
In some exemplary embodiments of the invention, four (4)
junctions are measured. Optionally, two (2) junctions are
measured. Optionally, more or fewer junctions are measured
depending on the accuracy requirement for finding the center
ol the token. Once measurements of delta vectors are deter-
mined, conferring (804) with a look-up table provided with
previously determined delta vector measurements should
provide an approximate location of the center of the token.
Optionally, the look-up table 1s comprised of experimentally
derived results. Optionally, the look-up table 1s comprised of
mathematically modeled results. It should be noted, that the
more values that are located 1n the look-up table, the higher
likelihood of accurate location of the center of the token.
Once values 1n the look-up table can be correlated to the
measured delta vectors (for example, using a mean square
error method), the x and vy coordinates of the center are set
(806).

In some exemplary embodiments of the invention, the cen-
ter of a token can be determined by a combination of the
described methods. Optionally, an averaging of several
results obtained from the different methods described 1s used
in order to calculate the center of token.

FIG. 9 depicts an exemplary geometric method 900 for
finding the identification, orientation and/or position of an
object, 1n accordance with an exemplary embodiment of the
invention. By using a geometric pattern created by an array of
tokens located on an object, apparatus 100 optionally deter-
mines 1dentification, orientation and/or position information
of the object. A plurality of junctions of a sensor array 203 are
measured (902) 1n order to determine 11 a pre-defined geo-
metric pattern of tokens exists and 11 so, which geometric
pattern. Once at least one token 1s detected by sensor array,
using apparatuses and methods such as described herein, the
center ol each token 1s optionally calculated (904) 1n order
calculate the identification and positioning of the object of
which the token 1s a part. An analysis of a plurality of tokens
allows for the determination (906) of size and/or shape of the
pattern of the tokens, for example defined by a line or lines
connecting the centers of the tokens, and/or any other shape
attributes (perimeter/area/contour) of the object with which
the tokens are associated. Comparison (908) of the deter-
mined size or other attributes to a look-up table comprised of
s1ze and other 1dentification associations permits the 1denti-
fication of a particular object.

Before going on to the next act (910), 1t will be usetul to
discuss several exemplary token patterns which allow for
both 1dentification and orientation determination. FIGS. 10
and 11 describe two different exemplary geometric structures
ol token patterns usable 1n embodiments of the present inven-
tion.

FIG. 10 shows a pattern 1000 of tokens 1002 on the bottom
of an object which pattern has a triangular form. In this
embodiment the different objects are distinguished by the
distances between the tokens being distinguishable, 1.e., the
distances used 1n two different objects having a measurement
accuracy which 1s better than the difference 1n the distances.
In order to avoid size misidentification the allowed distance
between centers for different patterns must be greater than
tour times the error of the method used for finding the center
ol a token. In order to assure that direction determination 1s
unambiguous equilateral triangles are optionally not used.
Optionally, an 1sosceles triangle 1s used. Optionally, the sys-
tem 1s capable of distinguishing between several lengths, in
accordance to the different possible combinations, several
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1sosceles triangles are used. For example, 1f 3 different
lengths are used, there are 6 different combinations for 1s0s-
celes triangles. Additionally, optionally or alternatively, the
object information code can be determined based on a pattern
of different capacitive couplings in the tokens. In addition,
different sizes of tokens can be used. Optionally, different
conductivity density can be used 1n each token.

FIG. 11 shows a pattern 1100 of tokens 1002 1n the form of
a V. In this embodiment, most of the identifiable objects will
not have one or more tokens shown in the pattern. In an
embodiment of the invention, token 1004 1s present and has a
distinctive coupling value or size. At least one of the tokens
should be present 1n each of the sides of the arrow, so that
direction can be determined unambiguously, in some
embodiments of the invention. Once the positions of the
tokens that are present are determined, a template matching
algorithm 1s optionally used to determine which the object
information code of the object being 1dentified and what 1ts
direction 1s. While an object with seven tokens 1s shown, a
greater or lesser number can be used, depending on the num-
ber of identifiers required. In addition to possibly having one
or more missing token 1n the pattern, some of the tokens may
have a different capacitive coupling value. Optionally, some
of the tokens 1002 may have different size. Optionally, the
distance between the tokens 1102 varies between different
objects.

In an embodiment of the invention, an object information
code of an object 1s detected by recognizing distances
between tokens. FIG. 16 A shows a pattern 1600 of tokens
1602, 1604, 1606 and 1608 which are positioned proximal to
sensor array 203, 1n an embodiment of the invention, when the
object 1s placed on sensor array 203. Using the detection
methods described herein, the object information code of the
object can be determined by measuring the detected distance
between the tokens, for example dl between token 1602 and

token 1604, d2 between token 1604 and token 1606, and d3
between token 1606 and token 1608. The analysis which
results 1n the measurement of d1, d2, and d3, which are
measured from the center of token to the center of token,
enables the identification of the object which 1s known to have
this d1, d2, d3 configuration. In order to increase the number
ol possible 1dentities, the number of rows and/or columns of
tokens can be increased, the tokens themselves can be of
varying size, the conductivity of the tokens can be varied,
and/or the distances between the tokens can be varied, as
examples. FIG. 16B shows a pattern 1610 which consists of
two rows and 4 columns of tokens, with up to 7 possible
distances between the various tokens (more 11 the rows are not
consistently parallel to each other). In some embodiments of
the invention, a predetermined number of predefined dis-
tances are used for 1dentifiers. Taking pattern 1600 of FIG.
16A as an example, there are 4 tokens and 3 distances (d1, d2,
and d3). If there are 5 options for distances and the size of the
tokens 1s fixed, there are 5°3 total possible 1dentities for the
object.

In an embodiment of the invention, a binary pattern 1s used
to 1identily an object. The binary pattern 1s implemented, 1n an
embodiment of the mvention, by predefining a distance, d,
between token slots and either placing a token 1n the slot,
indicating “1”, or leaving the slot empty, indicating “0”.
Optionally, a different capacitance and/or token size 1s used to
indicate “1” or “0”. In some embodiments of the invention,
bracket slots 1652 are used to signal a start and end of the
binary pattern. FIG. 16C shows binary pattern 1650 in which
the bracket slots 1650 are filled but no tokens are located in
cach of the other slots, indicating a *“0 0 0 ” pattern. FIG. 16D
shows two other identity patterns 1660 and 1670, which
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exhibit the identities “00 17 and “0 1 1 7 respectively. In some
embodiments of the invention, the number of slots in a row are
increased or decreased (i.e. the number of columns is
increased). Optionally, the number of rows 1s increased. In
some embodiments of the invention, the distance, d, between
the tokens 1s large enough that individual slots can be detected
but 1s small enough to enable the pattern to be used with a
game board si1zed object.

One problem that may arise 1s the determination of which
tokens belong to which objects, since 1t 1s possible that the
positioning of the objects 1s such that tokens of adjacent
objects form triangles or arrows that could themselves signity
objects.

FI1G. 12 shows such a possible configuration 1n which two
objects are close enough so that there 1s ambiguity as to which
objects are present (1.e. what object information code would
be detected). Two objects 1210 and 1220 are present each
with 3 tokens. It 1s noted that the patterns of tokens on the
objects themselves are different so that 11 the association of
tokens with objects 1s made, then there would be no problem
in 1dentifying the objects themselves.

It 1s noted that object 1210 has three tokens 1212, 1214 and
1216, while object 1220 has three tokens 1222, 1224 and
1226. However, tokens 1216, 1224 and 1226 form a triangle
that meets the requirements described above.

To solve this potential problem, the grouping of tokens as
part of objects follows the following procedure:

(a) Find all the token’s centers.

(b) Pick one of the tokens and check if it can be a part of
more than one valid triangle (for example, 1f only 1sosceles
triangles are supported, a triangle that 1s not 1sosceles 1s
invalid. In addition, the triangle sides should be equal to one
ol a possible set of permitted lengths).

(c) Select a token that 1s a part of ONE valid triangle “mark’
all the tokens participating 1n said triangle as “used’.

Optionally, the patterns of the objects are determined such
that such a token exist. Optionally, the sizes of the triangles
are determined in a way that assures that such a token exist.

(d) Repeat (b) and (c¢) for all the ‘not used’ tokens—estab-
lish all the valid tniangles. Each triangle corresponds to a
single object.

In order to assure that two tokens do not affect a single
junction, suflicient margin should be a minimal distance
between every two tokens, either on the same object or in
different objects.

Returming to FIG. 9, 1n some exemplary embodiments of
the invention, orientation information is determined by appa-
ratus 100 using a geometric method. Naturally, certain shapes
are not entirely equilateral. Use of shapes which have at least
one side not the same as the others allows for a determination
of orientation (910), 1n an exemplary embodiment of the
invention. For example, three tokens can be located on a
triangle shaped object, wherein one side of the triangle 1s a
different length than the other two sides, which are equally
s1zed. An analysis of the position information of the tokens
reveals the base of the 1sosceles triangle-shaped object. Ori-
entation 1s optionally indexed according to the base 1n some
convenient and/or useful manner. Optionally, the ornentation
of the object corresponds to a line orthogonal to the base of
the triangle. In some embodiments of the invention, the geo-
metric center of the object 1s considered 1ts position on sensor
array 203.

For the pattern of FIG. 11, the orientation of the object 1s
casily determined from the direction of the arrow formed by
the tokens that are present (and those that are missing). In
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making this determination 1t 1s helptul if the token at the point
of the arrow has distinguishable characteristics (such as cou-
pling value, size).

Referring to FIG. 13, an exemplary varied conductivity
and/or size method 1300 for finding the identification, orien-
tation and/or position of an object 1s depicted, in accordance
with an exemplary embodiment of the mvention. A delta
value 1s measured (1302) for a plurality of tokens. Based on
the measurement, specific tokens are optionally i1dentified
(1304) by the measured delta vector value. An analysis of a
plurality of tokens 1dentified thusly allows for their associa-
tion (1306) to a specific configuration of tokens and hence a
specific object can be associated (1308) with that pattern. In
some exemplary embodiments of the invention, at least one
token located on an object has a varied conductivity and/or
s1ze. As described 1n relation to FIG. §, a varied conductivity
token 502 1s optionally incorporated into a recognizable
multi-token configuration, such as shown in FIGS. 5, 6 A-F,
10-12, and 16A-D. In some exemplary embodiments of the
invention, the tokens of a recognized configuration are posi-
tioned at known locations on the object. Optionally, all
objects identified utilizing this method are the same shape and
s1ze. Optionally as few as two tokens are used to provide
information about an object. Optionally, more than two
tokens are used to provide information about an object.
Optionally, more than one varied conductivity token 1s used.
Optionally, more than one size variable token 1s used. Option-
ally, each varied conductivity token 1s varied in conductivity
from the others.

Orientation nformation of an object 1s also optionally
determined (1310) using the varied conductivity and/or size
method 1300. For example, a known orientation of the object
1s optionally associated with the tokens’ configuration which
incorporated at least one token which varies 1n its conductiv-
ity and/or si1ze. Upon the analysis of the token configuration,
including the identification of a varied conductivity and/or
s1ze token, the object’s orientation can be known.

In accordance with some exemplary embodiments of the
invention, the board can also be used as a tablet of a PC.

In one exemplary embodiment of the invention, the tablet
has two configurations. In one of these configurations the
tablet has the configuration and operation as described above
and 1s used to find the position of objects, such as game pieces
and/or fingers and optionally the orientation of the game
pieces. In the other it reconfigured to have the configuration
shown 1 US 2004/0095333 and 1t then functions as a trans-
parent stylus sensitive display using electromagnetic stylus
detection rather than capacitive coupling.

An exemplary method of providing such a changeover 1s
illustrated 1n FIG. 14, which shows a layout and sample
clectronics for a sensor array 1400. In this embodiment a
change over must be made from the configuration disclosed
above 1n which a signal 1s mnserted in one set of electrodes and
detected 1n the other set and a system 1n which the signal 1s
generated 1n both sets of electrodes by an electromagnetic
wave as 1 US 2004/0095333. In the following system, no
switches are required (except for switches required to activate
one or another electrode, e.g. apparatus 306 of FIG. 3). If
switches can be accommodated, then the number of amplifi-
ers can be signmificantly reduced.

A characteristic of the embodiment disclosed 1s that there
are amplifiers on more than one end of the passive electrodes.
Consider first the two ends of the activated electrodes 304. On
one end, indicated as 1402, each of the electrodes 1s also
connected to apparatus 306 so that the activating signal 1s
routed to the activated electrode which 1s to be energized. On
the other end, indicated as 1404, a differential amplifier 1s
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connected to two lines as 1n US 2004/0095333. While con-
nection of adjacent electrodes 1s shown, the variants shown in
US 2004/0095333 are also possible. Alternatively to the con-
nections from switching apparatus 306 being connected at
end 1402 they can be connected at end 1404,

One end of passive electrode 304, designated 1406 has one
input of a differential amplifier connected to each electrode.
The unconnected 1nput 1s connected to a bias voltage. This
amplifier 1s used to determine the capacitive coupling as
described above.

The other end of passive electrodes 304 designated 1408
has a configuration that 1s the same as that of end 1404 of the
activated electrodes.

Optionally, the change over can be achieved by software
solutions, by subtracting the detected signals at a pair of
clectrodes to obtain a differential signal, similar to the output
of the differential amplifier. In addition, the stylus can be
detected 1n a single ended configuration and notnecessarily in
a differential configuration.

In a second embodiment of the imvention, a stylus 1s sup-
plied with a conductive tip. In use, there 1s no need to recon-
figure the tablet or electronics when it 1s desired for the device
to operate as a stylus sensitive tablet, since the tip will cause
a change 1n signal in the same way as does a token. This
greatly simplifies the device. In addition, 1t 1s possible to
provide a first type of stylus with a relatively small conductive
t1p for pointing or writing and a second stylus with a larger tip
for erasing. Since the larger tip will be seen by a greater
number of junctions and the coupling will be greater, the
identification of which stylus 1s used can be easily deter-
mined. Alternatively, a single stylus could have two tips; one
on either end of the stylus. One end has a narrow tip and the
other has a larger tip (like a pencil with an eraser). Alterna-
tively or additionally, the conductive tip can be provided in
two parts, a first smaller part that 1s always at the tip and a
second part surrounding the first part that 1s lowered to the tip
when a button on the stylus 1s clicked. This change can also
indicate “right clicking™ of the stylus.

In another embodiment of the invention, the object 15 a
mouse, where a conductive pattern 1s placed on its bottom
surface. The mouse 1s for use over the display screen and can
be used as a cursor. In addition, it 1s possible to provide a
‘right click” button and ‘left click” button, when pressing each
one of these buttons a conductive token 1s lowered to the
bottom surface of the mouse, which can be detected by the
system, and indicates a ‘right click’ or ‘left click” accordingly.

In some embodiments of the invention, the objects are hand
held objects. In other embodiments the objects move autono-
mously on the surface and may be controlled by a controller
via a wired or wireless connection. For example, the objects
could be 1n the shape of a car and be motorized.

In some embodiments of the invention, movement of the
objects 1s controlled by a robotic device controlled by a host
or remotely via the internet.

In some embodiments of the mvention the objects may
have multiple detection surfaces, as for example a gaming die
which generally has si1x sides marked with either 1-6 dots or
numbers 1-6. In an embodiment of the invention, a material
on each of the multiple detection surfaces, for example the
dots, 1s conductive such that the conductive material acts as
similar to an identification token. This enables the sensor
array to determine the uppermost number by “reading” the
number of dots facing the sensor array. It should be under-
stood however, that a conventional gaming die 1s by way of
example only and that identification of the multiple detection
surfaces does not have to correspond to how sides of gaming
dice are detected traditionally (1.e. with 1-6 dots on each side
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detected by the eye). Optionally, a token 1s not used per dot,
for example where a distinctive conductive pattern 1s used on
at least one of the multiple detection surfaces which corre-
sponds to a number of dots and 1s detectable by the sensor
array.

In another embodiment, the object 1s a game piece which
can be reversed and has a different meaning depending on
which side 1s up. For example, one side could represent a king
in checkers or could identify the player, when the object 1s
inverted, the other player 1s identified with the game piece.

Other multi-sided objects and their uses will occur to per-
sons of skill in the art.

In an embodiment of the invention, finger and/or object
touches are used to i1dentily a person for security purposes.
For example, a person could be 1ssued a “key” which 1s
comprised of at least one object having at least one token
located thereon. Using the methods and apparatuses
described herein, the key 1s placed on a sensor array, possibly
at a predefined specific location on the array, and information
about the key and optionally 1ts location 1s determined, for
example 1s the key valid and/or 1n the predefined valid loca-
tion on the array. Optionally, finger touching, or even the
contour of a larger body part, 1s detected 1n order to determine
information about the finger or larger body part. Stmilarly to
the key embodiment described above, this information 1s used
to permit or deny security clearance to the person. In some
embodiments of the mnvention, both an object such as a key
and body parts are used 1n combination to validate the person.
In some embodiments of the invention, a gesture made by a
body part of a person 1s detected and i1dentified for validation
pUrposes.

It 1s to be understood that while the present discussion has
centered on hardware and methods of operating the hardware,
the present invention can be embodied in circuitry, hardware,
soltware, computer readable media, and/or programmed
computers that are configured and arranged to carry out the
invention.

The present invention has been described using non-limiat-
ing detailed descriptions of embodiments thereof that are
provided by way of example and are not intended to limit the
scope of the mvention. It should be understood that features
and/or steps described with respect to one embodiment may
be used with other embodiments and that not all embodiments
of the invention have all of the features and/or steps shown 1n
a particular figure or described with respect to one of the
embodiments. Variations of embodiments described will
occur to persons of the art. Furthermore, the terms “com-
prise,” “include,” “have” and their conjugates, shall mean,
when used in the disclosure and/or claims, “including but not
necessarily limited to.”

It should be noted that in the claims the term “control
system’ 1s used to denote a system for controlling the opera-
tion of the sensor array and may include a host computer.

It 1s noted that some of the above described embodiments
may describe the best mode contemplated by the mventors
and therefore may include structure, acts or details of struc-
tures and acts that may not be essential to the invention and
which are described as examples. Structure and acts
described herein are replaceable by equivalents, which per-
form the same function, even 1t the structure or acts are
different, as known in the art. Therefore, the scope of the

invention 1s limited only by the elements and limitations as
used 1n the claims.

What 1s claimed 1s:
1. A method for detecting an object on a sensor sensitive to
capacitive coupling, the method comprising:
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simultaneously transmitting signals on at least two elec-
trodes of the sensor, wherein at least one of the signals
transmitted on each of the at least two electrodes has a
frequency that 1s different from a frequency of at least
one other signal transmitted on another electrode of the
at least two electrodes:

sampling a signal on at least one other electrode crossing

the at least two electrodes, wherein the signal 1s respon-
stve to capacitive coupling formed between the at least
two electrodes and the at least one other crossing elec-
trode; and

detecting at least one object from the sampled signals.

2. The method according to claim 1, wherein the different
frequencies are orthogonal to each other.

3. The method according to claim 1, wherein the sensor
includes a first and a second array of electrodes forming a grid
with a plurality of junctions between the first and second array
of electrodes.

4. The method according to claim 3, wherein the first array
includes active electrodes and the second array includes pas-
stve electrodes.

5. The method according to claim 4, wherein the at least
two electrodes are active electrodes and the at least one other
clectrode 1s a passive electrode.

6. The method according to claim 5 comprising simulta-
neously sampling passive electrodes in response to transmit-
ting a signal on the at least two electrodes.

7. The method according to claim 3, wherein the electrodes
of the first array are divided into a plurality of groups, and
wherein signals are transmitted to electrodes 1n each group
serially.

8. The method according to claim 7, wherein the signals
transmitted serially are of a same frequency.

9. The method according to claim 7, comprising simulta-
neously transmitting signals to electrodes from different
groups, wherein each of the signals transmitted has a fre-
quency that 1s different from a frequency of the signals trans-
mitted on electrodes from another group of the different
groups.

10. The method according to claim 1, wherein the elec-
trodes are conductive lines.

11. The method according to claim 1, wherein the at least
one object 1s a body part or a capacitive object.

12. The method according to claim 11, wherein the body
part 1s a finger.

13. The method according to claim 1, wherein the sensor
detects multi-touch.

14. The method according to claim 1, wherein the at least
one object 1s hovering over the sensor or touching the sensor.

15. The method according to claim 1, wherein the signals
transmitted to the at least two electrodes are pulsed signals.

16. The method according to claim 1, wherein the signals
transmitted to the at least two electrodes are AC signals.

17. The method according to claim 1 comprising determin-
ing a position of the at least one object on the sensor from the
signals sampled.

5

10

15

20

25

30

35

40

45

50

55

24

18. The method according to claim 1 comprising detecting
more than one object.

19. An apparatus 1including a sensor sensitive to capacitive
coupling comprising:

a sensor including an array of active electrodes and an array
of passive electrodes, the active and passive array form-
ing a grid;

a switching apparatus operative to simultaneously transmit
signals on at least two active electrodes, wherein at least
one of the signals simultaneously transmitted on each of
the at least two active electrodes has a frequency that 1s
different from a frequency of a signal transmitted on
another electrode of the at least two active electrodes;
and

sensor electronics configured to sample an output signal on
at least one passive electrode crossing the at least two
active electrodes, wherein the output signal 1s responsive
to capacitive coupling formed between the at least two
active electrodes and the at least one passive electrode;

wherein the output signal provides information regarding
at least one object located on the sensor.

20. The apparatus according to claim 19, wherein the dif-
terent frequencies are frequencies that are orthogonal to each
other.

21. The apparatus according to claim 19, wherein the active
electrodes are divided 1into a plurality of groups, and wherein
the switching apparatus 1s configured to transmit signals to
clectrodes 1n each group serially.

22. The apparatus according to claim 21, wherein the sig-
nals transmitted serially are of a same frequency.

23. The apparatus according to claim 21, wherein the
switching apparatus 1s configured for simultaneously trans-
mitting signals to electrodes from different groups, wherein
cach of the signals transmitted has a frequency that 1s differ-
ent from a frequency of the signals transmitted on electrodes
from other groups.

24. The apparatus according to claim 19, wherein the sig-
nals transmitted to the at least two active electrodes are pulsed
signal.

25. The apparatus according to claim 19, wherein the signal
transmitted to the at least two active electrodes are AC signals.

26. The apparatus according to claim 19, wherein the elec-
trodes are conductive lines.

277. The apparatus according to claim 19, wherein the sen-
sor 1s substantially transparent.

28. The apparatus according to claim 19, wherein the at
least one object 1s a body part or a conductive object.

29. The apparatus according to claim 28, wherein the body
part 1s a {inger.

30. The apparatus according to claim 19, wherein the at
least one object located on the sensor 1s hovering over the
sensor or touching the sensor.

31. The apparatus according to claim 19, wherein the sen-
sor includes a plurality of junctions formed between the array
of active electrodes and the array of passive electrodes.
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